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0HWDO 0DWUL[ FRPSRVLWHV ZLWK D WKUHH GLPHQVLRQDO
LQWHUSHQHWUDWLQJ UHLQIRUFLQJ QHWZRUN RIIHU HQKDQFHG
PHFKDQLFDO SURSHUWLHV LQ FRPSDULVRQ WR SDUWLFOH
UHLQIRUFHG FRPSRVLWHV DW ERWK URRP DQG HOHYDWHG
WHPSHUDWXUHV >@ 7RSRORJ\ DQG YROXPH IUDFWLRQ RI WKH
UHLQIRUFHPHQW SKDVH SOD\ GHFLGLQJ UROHV LQ FRQWUROOLQJ
WKHSURSHUWLHVRIWKHFRPSRVLWHV>@
%DVHG RQ D SUHOLPLQDU\ VWXG\ FDUULHG RXW E\ >@ D
VLPSOHDSSURDFK WR IDEULFDWHRSHQSRURXV6L&SUHIRUPV
E\XVLQJSRO\HWK\OHQHZD[DVSRUHIRUPHUVLVUHSRUWHGLQ
GHWDLO LQ >@ 7ZR ZD[ YDULHWLHV 9LVFRZD[ DQG
&HULGXVWZLWKYHU\GLIIHUHQWSDUWLFOHVL]HVZHUHXVHGLQ
GLIIHUHQW TXDQWLWLHV WR IDEULFDWH 6L& SUHIRUPV ZLWK
GLIIHUHQW SRURVLWLHV LQ WKH UDQJH ± YRO DQG
YDU\LQJSRUHPRUSKRORJLHV
,Q >@ WKH HODVWLF SURSHUWLHV RI XQLQILOWUDWHG 6L&
SUHIRUPV ZLWK GLIIHUHQW UHLQIRUFLQJ DPRXQW DQG D
YDULDWLRQLQWKHZD[UDWLRKDYHEHHQGHWHUPLQHGE\XVLQJ
XOWUDVRXQGSKDVHVSHFWURVFRS\7KHGHJUHHRIDQLVRWURS\
GHSHQGV ERWK RQ WKH DPRXQW RI SRURVLW\ DQG WKH SRUH
VWUXFWXUH )RU WKH FRPSOHWH UDQJH RI SRURVLW\ VWXGLHG
SUHIRUPV IDEULFDWHG XVLQJ D PL[WXUH RI WKH WZR ZD[
W\SHVVKRZOHVVDQLVRWURS\WKDQWKHSUHIRUPVIDEULFDWHG
XVLQJ RQO\ RQH W\SH RI SRUH IRUPHU $ KLJK YROXPH
IUDFWLRQRIVPDOOHUSRUHIRUPHUVDWORZHUSRURVLWLHVDQGD
KLJK YROXPH IUDFWLRQ RI ODUJHU SRUH IRUPHUV DW KLJKHU
SRURVLWLHV OHDG WR SUHIRUPV ZLWK RSWLPXP LVRWURSLF
HODVWLFSURSHUWLHV>@
,QILOWUDWLRQ FDVWLQJ ZLWK DGGLWLRQDO JDV SUHVVXUH LV D
XQLTXHPHWKRGWRIRUFHDOLTXLGPHWDOLQWRDSUHIRUP,Q
>@ DQ RYHUYLHZ RI GLIIHUHQW WHFKQLTXHV IRU FDVWLQJ
FRPSRVLWHVZLWKWKHLUSURVDQGFRQVLVSUHVHQWHG
7KH FXUUHQW ZRUN GHDOV ZLWK WKH PDQXIDFWXULQJ DQG
LQILOWUDWLRQRISUHIRUPVRIVHOHFWHGZD[UDWLRVDWFRQVWDQW
6L&WRZD[UDWLRRI7KHLQYHVWLJDWLRQVLQFOXGHJDV
SUHVVXUH LQILOWUDWLRQ >@ RI WKH PDQXIDFWXUHG SUHIRUPV
UHVXOWLQJLQD00&ZLWKDQLQWHUSHQHWUDWLQJUHLQIRUFLQJ
QHWZRUN %HVLGH WKH GHWHUPLQDWLRQ RI WKH UHVLGXDO
SRURVLW\DOVRWKHTXDVLVWDWLFPHFKDQLFDOSURSHUWLHVXQGHU
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FRPSUHVVLYH ORDG DUH GHWHUPLQHG LQ RUGHU WR FRPSDUH
GLIIHUHQW SURGXFWLRQ SDUDPHWHUV 2SWLFDO DQDO\VHV
FRQILUP GLIIHUHQW W\SHV RI IUDFWXUH HYROXWLRQ LQ
GHSHQGHQFHRIWKHFKRVHQZD[UDWLR
([SHULPHQWDOSURFHGXUH
2.1. Manufacturing of porous SiC 
)LJXUH  JLYHV DQ RYHUYLHZ RI WKH VWHSV IRU
PDQXIDFWXULQJ SRURXV SUHIRUPV ZLWK WKH KHOS RI WZR





 P  WR FXVWRPLVH WKH VWUXFWXUH RI WKH SUHIRUP
:LWKLQ WKLVZRUNRQO\ZD[SRZGHUPL[WXUHVRIYROXPH
IUDFWLRQ RI  6L&ZD[ PL[WXUH KDYH EHHQ





 03D 9DFXXP SDFNDJLQJ ZDV GRQH WR SUHYHQW
FRQWDPLQDWLRQ RI WKH VSHFLPHQ ZLWK RLO GXULQJ FROG
LVRVWDWLFSUHVVLQJLQRUGHUWRJDLQDUHODWLYHO\F\OLQGULFDO
SRUHVWUXFWXUH3\URO\VLV LQDUJRQDWPRVSKHUH OHDGV WR
PHOWLQJ DQG H[WUDFWLRQ RI WKH ZD[ RXW RI WKH
PDQXIDFWXUHG SUHIRUPV LQ RUGHU WR UHFHLYH D SRURXV
VWUXFWXUH $IWHUZDUGV WKH SUHIRUPV ZLWK D SRURXV
DUFKLWHFWXUH ZHUH VLQWHUHG LQ DUJRQ DWPRVSKHUH DW D
PD[LPXPWHPSHUDWXUHRI&)XUWKHUGHWDLOVDERXW
WKH PDQXIDFWXULQJ SURFHGXUH RI WKH SUHIRUPV FDQ EH
IRXQGLQ>@
2.2. Gas pressure infiltration 
7KHSULQFLSOHRI WKHJDVSUHVVXUH LQILOWUDWLRQSURFHVV
LVVKRZQLQ)LJXUH7KHSUHIRUPVKDYHEHHQSODFHG
WRJHWKHU ZLWK LQJRWV RI $O6L  LQWR DQ DOXPLQD




6L )H 0J 0Q 1L 7L 9 $O










K$UJRQJDV ZDV WKHQ DSSOLHG WRSUHVVXUL]H 
EDU  WKH LQILOWUDWLRQ FKDPEHU $IWHUZDUGV SUHVVXUH
ZDVNHSWFRQVWDQWGXULQJFRROLQJ WKHFKDPEHUE\ZDWHU
FLUFXODWLRQDQGFRSSHUKHDWVLQN
2.3. Metallographic preparation 
&XWWLQJRIWKHLQILOWUDWHGSUHIRUPVKDVEHHQGRQHRQD
GLDPRQG ZLUH VDZ 7KH VSHFLPHQV IRU WKH TXDOLWDWLYH
PHWDOORJUDSKLF LQYHVWLJDWLRQV DQG IRU WKH FRPSUHVVLRQV
WHVWV ZHUH JULQGHG DQG SROLVKHG LQ VHYHUDO VWHSV ZLWK
ZDWHU DV FRRODQW $V DEUDVLYH SDSHU 6L& SDSHU ZLWK
JUDLQLQJZDVXVHG
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2.4. Mechanical analysis  
7KH FRPSUHVVLRQ WHVWV KDYH EHHQ FDUULHG RXW
GLVSODFHPHQW FRQWUROOHGRQD8QLYHUVDO WHVWLQJPDFKLQH
=ZLFNZLWKDPD[LPXPFDSDFLW\RIN1DWDFRQVWDQW
QRPLQDO VWUDLQ UDWH RI   V 7KH H[SHULPHQWDO
VHWXSLVVKRZQLQ)LJXUH
)LJ([SHULPHQWDOVHWXSRIWKHFRPSUHVVLRQWHVW
7KH VWUDLQ KDV EHHQ PHDVXUHG XVLQJ D FDSDFLWLYH
PHDVXULQJ JDXJH 7KH SDUDOOHOHSLSHG FRPSUHVVLRQ
VSHFLPHQV KDG WKH GLPHQVLRQV RI DERXW [[PPñ
ZKHUH HDFK VSHFLPHQ KDV EHHQPHDVXUHG LQ GHWDLO )RU
HDFK SURGXFWLRQ SDUDPHWHU WKUHH VSHFLPHQV KDYH EHHQ
WHVWHG7KH FRPSUHVVLRQ GLUHFWLRQZDV SHUSHQGLFXODU WR
WKH GLUHFWLRQ RI WKH XQLD[LDO SUHVVLQJ VLQFH VWLIIQHVV LV
KLJKHU FRPSDUHG WR WKH SUHVVLQJ GLUHFWLRQ >@ 7KH
F\OLQGULFDO VSHFLPHQ RI WKH UHIHUHQFH PDWHULDO $O6L
KDGWKHVL]HK[G PP[PP
5HVXOWV
3.1. Metallographic investigations 
)LJXUH  VKRZV UHSUHVHQWDWLYH PLFURJUDSKV RI WKUHH
GLIIHUHQWLQILOWUDWHGSUHIRUPV)RUDOOVSHFLPHQVWKHODUJH
LQILOWUDWHGSRUHVFDQEHVHHQZKLFKLVREVHUYDEOHE\WKH
EULJKW DOXPLQXP DOOR\ ZLWK HXWHFWLF VWUXFWXUH DQG
FRQVWLWXHQWVRILURQDQGDOXPLQXP'DUNHUEODFNDUHDV
VXJJHVW WKDW WKHVH DUH QRW ZHOO LQILOWUDWHG VKRZLQJ
UHVLGXDOSRURVLW\6SHFLPHQVZLWKDKLJKFRQWHQWRI&'
VKRZDJRRGLQILOWUDWLRQRIWKHVPDOOSRURXVDUHDVZKLFK
UHVHPEOH WR FDQDOV ,Q FRQWUDVW VSHFLPHQV ZLWK D KLJK







9:&' E9:&' F9:&' 
)LJXUH  VXPPDULVHV WKH DPRXQW RI SRURVLW\ ± WKH
SUHIRUPGHQVLW\ȡZDVGHWHUPLQHGIROORZLQJ$UFKLPHGHV
SULQFLSOH E\ LPPHUVLQJ LQ GLVWLOOHG ZDWHU  RI WKH
VLQWHUHG SUHIRUPV DQG WKH LQILOWUDWHG VSHFLPHQV IRU DOO
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ZD[ PL[WXUHV 7KH WRWDO SRURVLW\ DYHUDJH RI WKUHH


















,Q DOO SUHIRUPV WKH DPRXQW RI WRWDO SRURVLW\ LV 
YRO OHVV WKDQ WKH WRWDO ZD[ FRQWHQW LQ WKH LQLWLDO
PL[WXUH  YRO 7KLV PD\ EH DWWULEXWHG WR WKH
VLQWHULQJHIIHFWVKULQNDJHRIWKHSUHIRUP
)LJ0HDVXUHGDYHUDJHSRURVLW\DQGDYHUDJHLQILOWUDWLRQFRQWHQW
7KH 00& GHQRWHG EHDPV UHSUHVHQW WKH LQILOWUDWHG
VSHFLPHQV ,WFDQEHVXPPDUL]HG WKDWQRQHRI WKHRSHQ
SRURVLW\RIDOOWKUHHPL[WXUHVZDVFRPSOHWHO\LQILOWUDWHG
ZLWK WKH SDUDPHWHUV XVHG ,W LV HYLGHQW WKDW FORVHG
SRURVLW\LVQRWLQILOWUDWDEOH
%\ FRPSDULQJ WKH IUDFWLRQV RI XQLQILOWUDWHG RSHQ
SRURVLW\ 9:&' RI  VKRZV WKH KLJKHVW ODFN RI
LQILOWUDWLRQRIDERXWYRO LQFRPSDULVRQ WR WKHRWKHU
PL[WXUHV RI DERXW  YRO 9:&' RI  DQG RI
DERXWYRO9:&'RI
3.2. Mechanical properties 
)LJXUH  VKRZV UHSUHVHQWDWLYH HQJLQHHULQJ VWUHVV
VWUDLQFXUYHVRIWKUHH00&VLQFRPSDULVRQWRWKHPDWUL[
PDWHULDO $O6L $OO WKUHH FXUYHV VKRZ DQ LQLWLDO
SURJUHVVLYHLQFUHDVHLQVWUHVVZKLFKFDQEHDWWULEXWHGWR
WKH GHYLDWLRQ RI WKH VDPSOH JHRPHWU\ IURP SHUIHFW
SDUDOOHOLVP DQG IULFWLRQ EHWZHHQ WKH VSHFLPHQ DQG WKH
SXQFKHV VHWWLQJ HIIHFW $IWHU UHDFKLQJ D PD[LPXP
VWUHQJWKZKLFKLVKLJKHUWKDQWKDWRIWKHPDWUL[PDWHULDO
DWJLYHQVWUDLQVDGHFUHDVHLQVWUHVVLVQRWLFHDEOHGXHWR
WKH SDUWLDO FROODSVH RI WKH VSHFLPHQV 7KH PD[LPXP
VWUHQJWK FDQ EH UHDFKHG DW UHODWLYHO\ ORZ VWUDLQV LQ






RI DOO LQYHVWLJDWHG VSHFLPHQV )LJXUH  VKRZV WKH
DYHUDJH YDOXHV DQG WKH IOXFWXDWLRQV IRU DOO WKUHH ZD[
FRPSRVLWLRQV
)LJ$YHUDJHVWUHQJWKVRIWKHWKUHHGLIIHUHQWSDUDPHWHUV
,W FDQ EH FRQFOXGHG WKDW D VPDOOHU DPRXQW RI
9LVFRZD[ OHDGV WR VLJQLILFDQWO\ KLJKHU VWUHQJWK ,Q
FRQWUDVW DOVR KLJK IOXFWXDWLRQV RI DERXW   FDQ EH
QRWLFHG
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3.3. Fractographic investigations 







WHVWVD9:&' E9:&' F9:&' ORDGLQJ
GLUHFWLRQLVYHUWLFDO
,QJHQHUDO VPDOOHU DPRXQWVRI ODUJHUSRUHVFDQEH VHHQ
IRUVSHFLPHQVZLWKORZFRQWHQWRI9LVFRZD[




)XUWKHUPRUH FUDFN JURZWK FDQ EH REVHUYHG DORQJ WKH
LQWHUIDFH EHWZHHQ FHUDPLF UHLQIRUFHPHQW DQG PHWDOOLF
PDWUL[ZKLFKLVGHSLFWHGZLWKZKLWHDUURZV
'LVFXVVLRQ
7KH PHWDOORJUDSKLF LQYHVWLJDWLRQV RI WKH LQILOWUDWHG
SUHIRUPVVKRZ WKDWDQ LQFUHDVH LQDPRXQWRI9LVFRZD[
UHVXOWV LQ DQ DUFKLWHFWXUH UHSUHVHQWHG E\ D IHZ ODUJH
VSKHULFDO SRUHV DFFRPSDQLHG ZLWK D ILQH QHWZRUN RI
VPDOO FDQDOOLNH SRUHV 7KH ODWWHUPD\ EH H[SODLQHG E\
SUHIRUP PDQXIDFWXULQJ 'XULQJ KHDWLQJ WKH ZD[ PHOWV
DQG H[SDQGV DQG WKLV JLYHV ULVH WR FUDFNV EHWZHHQ WKH
ODUJHSRUHV7KHVHFUDFNVDFWDVFKDQQHOVWKURXJKZKLFK
WKH PROWHQ ZD[ IORZV RXW >@ 7KH ELPRGDO SRUH
VWUXFWXUHKDVDOUHDG\EHHQREVHUYHGLQ>@
$KLJK DPRXQW RI&HULGXVW OHDGV WR ODUJHUSRUHV EXW
UHGXFHG UHVLGXDO SRURVLW\ LQ FRPSDULVRQ WR VSHFLPHQV
ZLWK KLJKHU FRQWHQW RI 9LVFRZD[ ZKLFK FRXOG EH
PHDVXUHGTXDQWLWDWLYHO\
7KH PHDVXUHG XQLQILOWUDWHG RSHQ SRURVLW\ RI WKH
00&V FDQ EH OHDG EDFN WR WKH SDUDPHWHUV RI JDV
SUHVVXUH LQILOWUDWLRQXVHGZKLFKVKRXOGEH LPSURYHG ,Q
RUGHU WR LQFUHDVH WKH DPRXQW RI LQILOWUDWHG DUHDV
WHPSHUDWXUH VKRXOG EH LQFUHDVHG UHVXOWLQJ LQ D KLJKHU
IOXLGLW\RIWKHPHOW$QDGGLWLRQDOLQFUHDVHLQWKH$UJRQ
JDV SUHVVXUH VKRXOG DOORZ WKH PHOW WR SHQHWUDWH HYHQ
DUHDVZLWKDILQHUSRUHVWUXFWXUH
3UHSDUDWLRQ RI WKH [[ PPñ FXEH VSHFLPHQV LV
UHODWLYHO\ FRPSOLFDWHG LQ WHUPV RI SDUDOOHOLVP RI WKH
VLGHV 7KHUHIRUH LQLWLDO FRPSUHVVLRQ RI WKH VSHFLPHQV
FRQFHQWUDWHGRQ IODWWHQLQJRI WKH DQWLSDUDOOHO VLGHV >@
$ VSHFLDO VSHFLPHQ KROGHU IRU PHWDOORJUDSKLF
SUHSDUDWLRQ ZLOO LQFUHDVH WKH DPRXQW RI SDUDOOHOLVP VR
WKDW VHWWLQJ HIIHFWV LQ WKHEHJLQQLQJRI WKHFRPSUHVVLRQ
WHVWVPD\EHUHGXFHG7KLVZRXOGIXUWKHUPRUH OHDG WRD
EHWWHU GHWHUPLQDWLRQ RI WKH VWLIIQHVV RI WKH
LQWHUSHQHWUDWLQJ00&V
6XPPDU\DQG2XWORRN
,W FRXOG EH VKRZQ WKDW SRURXV 6L& SUHIRUPV ZLWK
GLIIHUHQW ZD[ UDWLRV FDQ VXFFHVVIXOO\ EH PDQXIDFWXUHG
)XUWKHUPRUH WKH LQYHVWLJDWHG SUHIRUPV FDQ VXFFHVVIXOO\
EH LQILOWUDWHG YLD WKH JDV SUHVVXUH LQILOWUDWLRQ SURFHVV
1HYHUWKHOHVVWKHUHVLGXDOSRURVLW\VKRXOGEHUHGXFHGYLD
DQ LQFUHDVH LQ WHPSHUDWXUH RI WKH PHOW DV ZHOO DV DQ
LQFUHDVH LQ $UJRQ JDV SUHVVXUH ,Q RUGHU WR LQFUHDVH
VWUHQJWK DQG VWLIIQHVV SUHFLSLWDWLRQ KDUGHQDEOH DOOR\V
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VKRXOG EH XVHG ZKHUH DQ DGGLWLRQDO KHDW WUHDWPHQW
VROXWLRQL]LQJTXHQFKLQJDUWLILFLDODJHLQJPD\ OHDG WR
LPSURYHG PHFKDQLFDO SURSHUWLHV )XWXUH ZRUN ZLOO




VKRXOG EH GRQH )XUWKHUPRUH DOVR WKH PHFKDQLFDO
SURSHUWLHV XQGHU WHQVLOH ORDGLQJ VKRXOG EH DQDO\]HG LQ
GHWDLO
$FNQRZOHGJPHQW
7KH DXWKRUV WKDQN 7(5 +(// 	 &2 *PE+ IRU
SURYLGLQJWKHPZLWKWKHSRO\PHUZD[HVIUHHRIFRVW
5HIHUHQFHV
>@ 0 .RX]HOL DQG ' & 'XQDQG (IIHFW RI 5HLQIRUFHPHQW
&RQQHFWLYLW\ RQ WKH (ODVWR3ODVWLF %HKDYLRU RI $OXPLQXP
&RPSRVLWHV &RQWDLQLQJ 6XE0LFURQ $OXPLQD 3DUWLFOHV $FWD
0DWHUS±
>@ $ 0RUWHQVHQ DQG - /ORUFD 0HWDO 0DWUL[ &RPSRVLWHV $QQX
5HY0DWHU5HVS±
>@ 0'U|VFKHO0-+RIIPDQQ52EHUDFNHU:6FKDOOHU<<




$ :HLGHQPDQQ $ :DQQHU 0 - +RIIPDQQ 3URFHVVLQJ DQG





LQ 3RURXV 6LOLFRQ &DUELGH 3UHIRUPV )DEULFDWHG 8VLQJ 3RO\PHU
:D[HVDV3RUH)RUPHUV-$P&HUDP6RFS
>@ $- &RRN 36 :HUQHU 3UHVVXUH LQILOWUDWLRQ FDVWLQJ RI PHWDO






DQLVRWURS\ LQ PHWDOFHUDPLF FRPSRVLWHV H[KLELWLQJ ODPHOODU
PLFURVWUXFWXUHV$FWD0DWHULDOLDS±
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